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INTRODUCTION
The variety of •ways in which radiation has been used to study 
physiology and function in plants is extensive, as seen in "Biblio­
graphy on the effects of ionizing radiations on plants, 1896-1955" 
(Sparrow, Binnington, and Pond, 1958). In studies of development 
and gro-wth, whole plants and particular parts of plants have been 
irradiated by external sources and by incorporated isotopes. In 
these cases, effects have resulted from the ^eneral exposure of an 
organ or a region to ionizing radiation. Limited exposure could be 
achieved by use of isotopes with low energy emissions, particularly 
if they are incorporated differentially into tissues or cellular 
components. Tritiated thymidine (h3-thymidine), Wiich was first pre­
pared in 1955 by Hughes (Taylor, Woods, and Hughes, 1957) and by Ver- 
ly, Firket, and Hunebelle (Verly et al., 1958), causes such limited 
irradiation of exposed tissue. Tritium (h3) has a half-life of 12.3 
years and enits a soft beta ray Wiich travels an average of 1.2 micra 
in tissue (Verly et al., 1958). Thymidine serves specifically as a 
precursor of desoxyribonucleic acid (DNA), and presumably is incor­
porated only by chromosomes of cells which are synthesizing DNA 
(Amano, Messier, and Leblond, 1959). The resolution obtained with 
autoradiography following tritiated thymidine treatment is sufficiently 
high to allow the study of individual chromosome duplication (Taylor 
et al., 1957). Tritiated thymidine has also proved useful as a tracer 
in studies of cell populations, both in vivo and in vitro. Lima-de- 
Faria (1959) has prepared a bibliography on autoradiography which
— X —
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includes examples of the many experimental uses made of tritiated 
thymidine.
Stein and Quastler used tritiated thymidine as a morphogenetic 
tool in a study of root development of corn seedlings (196I).
Because thymidine is incorporated in cells synthesizing DNA and because 
direct damage can occur only within a few micra of the site of incor­
poration, an exposed organ is not subject to indiscriminate irradia­
tion. However, direct damage to the hereditary material and other 
nuclear components, but not to the cytoplasm, is achieved (Robertson 
and Hughes, 1959). This specificity of incorporation and conse­
quent radiation can provide a tool for study of selective damage 
to certain tissues while leaving other tissues in the same organ 
unaffected.
The purpose of the research described in this paper was to 
determine whether an alteration in the development of the root sys­
tem of a dicotyledenous plant could be produced by treatment with 
tritiated thymidine. From the work by Stein and Quastler (196I) 
it was suspected that lateral root production or development might 
be a useful indicator of specific damage to the primary root. In 
the present study changes in the development of the root system 
have been compared with anatomical development and with sites of 
thymidine incorporation as shown by autoradiography.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
MATERIALS AND METHODS
The procedures to be described have been used with Gucumis 
sativus L. var. "Boston Pickling" and with Pisum sativum L. var. 
"Laxton's Progress". Similar morphological results have been obtained 
in each case where these conditions were used. Only one of these 
experiments is described in detail here.
Treatment. —  Intact seedlings of Pisum sativum var. "Laxton's 
Progress" were used for this experiment. The seeds were supplied by 
the Farmers Seed and Nursery Company, Faribault, Minnesota, and were 
not pretreated with fungicide. The seeds were germinated, treated, 
and grown under the uncontrolled light and temperature conditions 
of the laboratory.
To reduce the occurrence of microorganisms, the seeds were rinsed 
in 10% Clorox solution for five minutes and then washed and swirled 
in running tap water (20®-28°C) for fifteen hours. Most of the seeds 
were then fully imbibed and were arranged in rows 5 to 6 centimeters 
apart on moist paper towels, with the radicals pointing downward. The 
towels were rolled, and each roll was covered with wax paper to reduce 
evaporation and placed in a beaker with an inch-deep reservoir of tap 
water. At day 3| the seedlings had developed primary roots ranging 
in length from 5 to 75 mm, and the required number of similar seedlings 
could be selected for treatment.
The seedling roots were submerged for 24 hours in aerated tap 
water or aerated tritiated thymidine solution; in each case 8
_3_
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seedlings with straight primary roots were treated simultaneously in 
a single 55 ml capacity tube, 11.5 x 2.5 cm. A pipette almost reach­
ing the bottom of each tube provided aeration. The two tubes were 
partially filled with tap water and 400 microcuries (>ic) of tritiated 
thymidine (specific activity 1.9 curie/millimole) were placed in the 
second tube. The aerator was adjusted to give single bubbles through 
the pipettes, and additional water was added, nearly filling the 
tubes. Four hundred pic in 55 ml for 8 seedlings are equivalent to 
7.3 pc/ml and 50 pc/root. The concentration of thymidine in the solu­
tion was approximately 0.8? ppm. A paraffin-covered screen over each 
of the tubes held the aerating pipettes in place. When the thymidine 
solution and water in the tubes were at room temperature, seedlings 
from the towel rolls were grouped according to root length. In this 
particular experiment fifteen seedlings with straight roots of 48 
to 52 ram were available. It was also necessary to use one seedling 
from the next grouping, with a root of approximately 55 mm. The seed­
lings were selected quickly and with a minimum of handling and measure­
ment to avoid injury and drying. The variation in subsequent growth 
of the roots is relatively great (see Table l, p. 10) and more exact 
measurements of root length were not felt to be necessary. A mean 
starting length of 50 mm was used in the graphs. The seedlings were 
placed in the treatment tubes and held erect by the screen, with coty­
ledons above the solutions. More water was added to the tubes as 
needed to maintain the solution level Small cones of wax paper over 
the tubes and young shoots reduced evaporation.
Two glass-faced boxes, 10" x 18" x Ig", were lined with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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polyethylene sheeting on all sides except the open top and the glass 
face^ and were carefully filled with "TerraLite" avoiding air pockets. 
The vermiculite was moistened with tap water and reached room tempera­
ture before the boxes were used.
On day after 2J+ hours of submersion, the seedlings were removed 
from the tubes. The roots of two seedlings from each set of 8 were 
fixed in FAA (formalin-acetic acid-alcohol) (Johansen, 1%0) with 
aspiration, and prepared for histological observation and autoradio­
graphy. The remaining 6 seedlings for both treatments were assigned 
numbers and planted on the surface of the vermiculite beneath the 
glass face, with the cotyledons several centimeters below the open 
surface of the vermiculite. The boxes were inclined against a wall 
with the glass face downward. The roots grew along the glass and 
could be observed and measured. On day 16, 11 days after planting, 
the seedlings were harvested and their roots fixed in FAA.
Morphological effects. —  Following fixation each root was 
measured to the nearest millimeter to determine the length and loca­
tion of secondary roots (Appendix l). The data were recorded in 
centimeters from the base, or seed end, of the primaly root. In each 
centimeter, length of the first five lateral roots was measured and 
the mean of these measurements was used as the lateral root length 
for that centimeter (Appendix II). Undeveloped, non-emerged, lateral 
roots could be seen within the cortex of some of the roots fixed 
on day 16: these were included in the number of laterals but were 
omitted from the data on lateral root length.
Autoradiographs were prepared from the roots of the treated and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
control seedlings fixed immediately after treatment, on day One
of each pair of roots was cut into 10 mm portions for longitudinal 
sectioning. The other root of each pair was cut into alternating 9 
ram portions for longitudinal sectioning and 1 ram portions for cross 
sectioning. The tissue was dehydrated according to a tertiary butyl 
alcohol schedule, embedded in Tissuemat, and sectioned longitudinally 
at 20 p or transversely at 10 p. The paraffin ribbons were mounted 
on slides with fresh egg albumin. Kodak Nuclear Track Emulsion Type 
NTS was used for autoradiography with an exposure period of 24 hours.
Autoradiography. —  In the darkroom with light supplied through 
a red Wratten Series 2 filter, the jar of jelled emulsion was removed 
from its liglt proof container. A teaspoonful of emulsion was removed 
and placed in a small beaker in a 40° C water bath, and after 15 
minutes had melted and was poured into a dipping vial. The dipping 
vial is a flat glass tube large enough to hold two slides back to 
back, with rounded edges so that tissues do not come into contact 
with the glass. The dipping vial was placed upright in another small 
beaker filled >ri.th water and sitting in the water bath. After 45 
minutes, the emulsion in the vial was ready for use. Prior to 
dipping, the sections to be autoradiographed were deparaffinized and 
taken through successive alcohols into wateru For convenience the 
slides were placed back to back in pairs in slide trays. In the dark, 
the slides were removed in pairs from the water, touched to a piece 
of paper towel to remove the water drop, dipped into the emulsion in 
the vial, and immediately removed and inverted. The inverted slides 
dried for 15 minutes in a rack and were then placed in light proof
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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boxes Sealed with black plastic tape. These sealed boxes may be 
exposed to light and were stored in the refrigerator for the exposure 
period.
The film was developed in the dark. Kodak Develooer D-19 and 
Kodak X ray Fixer and Replenisher were prepared at least 24 hours in 
advance according to the manufacturer's directions. Three staining 
dishes, containing respectively the developer, tap water, and the 
fixing solution, were maintained at 18° C . In the dark the slides 
were removed from their light proof boxes and placed in slide trays. 
The emulsion was developed by placing the filled trays in developer 
for 6 minutes, then in tap water for a few seconds, and finally in 
the fixing solution for 10 minutes. The autoradiographs may be 
exposed to light after 7 minutes in the fixing solution. Upon 
removal from the fixing solution, the slides were placed in slowly 
moving tap water for 30 minutes and then stained with safranin and 
anilin blue (Johansen, 1940).
Anatomical examination and determination of sites of incorporation, 
—  The slides prepared from material fixed on day 4y were examined 
under the dissecting microscope employing a magnification of 16X and 
the location of each lateral root primordium or initial was plotted 
for each of the four roots. No additional primordia were detected 
at greater magnifications. To determine the sites of incorporation of 
tritiated thymidine, the autoradiographed tissue was examined at a 
magnification of 360X with a compound microscope, bach 9 rnm or 10 mm 
segment of each root was scored at every third field. These succes­
sive levels were 1.1 mm apart. From a particular segment of the root.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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alternate 20 ;u sections through the stele (and pericycle) were
scored: sections containing only cortical tissue were not scored.
At each level, the number of labeled and non-labeled nuclei were 
counted separately for cortex, pericycle, and stele. In summarizing 
these data, all nuclei at a single level were summed and percentages 
calculated representing the proportion of nuclei with label in the 
three tissues at successive 1.1 ram levels. The cross sectioned 
material was examined but not scored.
In longitudinal section, Casparian strips were not apparent 
and the endodermis could not be identified as a particular cell 
layer by the appearance of the cells. The roots had been exposed 
to laboratory light conditions during germination, treatment, and 
development. Exposure to light has been correlated with poor endo- 
demal development (Bond, 1935), and may have been responsible in this 
instance. In the absence of identifiable endodermis, the pericycle 
was identified primarily on the basis of differences in cell size and 
shape as compared to the stele and cortex. It was found that several 
layers of pericycle occurred adjacent to xylera tissue, but that one 
or more often no layer of pericycle could be identified adjacent to 
phloem tissue. The pericycle in the pea is described as being at 
least one layer thick adjacent to the phloem and three to four layers 
thick adjacent to the xylera (Popham, 1955).
There was difficulty particularly in determining the limits 
between pericycle and cortical tissue in the 3 to 4 most apical 
millimeters of each root. Developed silver grains occurred in all 
the autoradiographs both between and over the sections of tissue.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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This background over the apical tissues, with smaller cells, rela­
tively larger nuclei, and in general a high percentage of nuclei 
labeled, made it difficult to distinguish labeled and non-labeled 
nuclei accurately. The apical 3 to 4 mm of the roots were there­
fore not scored.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
OBSERVATIONS
All the seedlings grew during the 24 hour treatment period, 
as shown by the increase in primary root length (Table 1). During 
this time the first lateral roots developed sufficiently so that they 
could be detected at cfey 4i« The primary roots continued growth dur­
ing the period of day 4| to day 16. Initial growth after treatment, 
day 4g to day was at about the same rate as before and during 
treatment, but decreased subsequently (Table l). The growth of the 
primary root terminated in some seedlings by day . In other roots
Table 1 : Successive changes in root length in mm. Each mean
value represents five seedlings.
change in root length mean range
control treated control treated
day 1 - day 3i 50 50 48-55 48-32
*day 3 5
day 4s
- day 4g 14.4 13.2 10-20 10-18
- day 17.4 18.8 16-20 16-25
day 3* 
day 6|
- day 6| 10 10.4 9-11 9-13
- day l6 3.2 4.8 1- 5 0-10
^period of treatment
slight growth occurred after day 6}, but was not great enough to be 
measured without disturbing the seedlings. The total length was 
measured after harvest, and is shovm in Table 2. Tritiated thymi­
dine treated and control seedlings were similar in mean and in range 
of primary root length. On day l6, the primary root apices and many 
of the lateral root apices appeared to have completed growth. Under 
these conditions, root growth was always observed to terminate within 
a similar period,
— 10—
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One of the six seedlings planted after treatment developed ab­
normally, with rotting cotyledons, stunted shoot, and few lateral 
roots. One of the six controls differed from the other controls
Table 2 : Growth of primary roots in ram. Each mean value
represents five seedlings.
total root length mean 
control treated
range 
control treated
at start of treatment 
(day 3*)
50 50 48-55 48-52
at end of treatment 
(day 4|) 64.4 65.2 60-70 60-68
at harvest (day l6) 95.4 98.8 90-98 95-102
in having only very short lateral roots at harvest. Neither of 
these seedlings have been included in the data presented, which 
are based on the remaining five seedlings of each group.
The bare region. —  The number and length of lateral roots pre­
sent on day 16 was similar for treated and control seedlings in the 
basal and apical centimeters of the primaries. In the mid-area of 
the treated roots, however, there was a marked decrease in the number 
and length of lateral roots as compared with the controls. A bare 
region, in which there were no developed lateral roots, occurred on 
all of the treated primaries: in each case it was located in rough 
correspondance with and beginning proximally to the part of the pri­
mary formed during the treatment period. Table 3 shows the varia­
tion in location and length of the bare regions for the five seed­
lings. Fig. 1 shows the relation between the site of the bare region, 
the length of the roots at start of treatment on day 3p (point A),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CONTROL
A B
start of end of 
treatment tre^raent har-̂ -est
TREATED
bare
region
i
0 10 20 30 40 50 60 70 30 90 100
PRIMARY ROOT LENGTH IN MM FROM BASE
Fig. 1. Effect of H^-thymidine on roots of Pisum sativum L.
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the length at end of treatment on day Us (point B), and the length 
at harvest on day 16 (point C). The mean values for the 5 seedlings
Table 3 : Location of bare region in mm from base and length
of bare region in mm.
mean range
control treated control treated
location of bare region --  44-59«6   (41-46)-
(51-64)
length of bare region --- 15.6   10-19
were used. The distal limit of the bare region occurred 2 to 9 mm 
proximal to the root length at the end of treatment, with a mean dis­
tance of 5-6 mm. There were no other relationships which were consis­
tent between the bare region and points A and B on the individual 
roots.
Lateral root number. —  In the controls the mean number of 
lateral roots increased from the base to a maximum at centimeters 
2 - 4 ,  and decreased distally (Fig. 2). The number of lateral roots 
i-ra.5 similar in the two groups of seedlings in the basal 3 centimeters, 
In centimeter 3 - 4  the number of lateral roots on the treated pri­
maries was slightly less than on the controls, and in centimeter 
4 - 5  this difference was greater. The greatest difference occurred 
in centimeter 5 - 6 ,  but the mean value for the treated seedlings 
did not reach zero due to the variation in location of the bare 
regions, shovm in Fig. 2. In the portion of the root distal to the 
bare region, the mean values for the two groups of seedlings were 
again similar.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Lateral roots which had not developed beyond the cortex occurred 
in both treated and control seedlings. The broken lines in Fig. 2 
show the total number of laterals, including the undeveloped ones. 
Except in centimeter 8 - 9 ,  the relation already described between 
the two groups of seedlings is not altered. The undeveloped laterals 
were present in low frequency on all parts of roots of both groups, 
as seen in Fig. 3» In centimeter 8 - 9 ,  the number of undeveloped 
laterals in the treated roots was considerably higher than in the 
controls. I know of no explanation for this difference, which does 
not occur except distal to the bare region.
Lateral root length. —  The mean lateral root length per centi­
meter of primary root for treated and control seedlings is shown in 
Fig. 4. Only those lateral roots which had developed beyond the 
cortex were included. Incorporation of the inhibited laterals into 
the data would not h ve altered the general relationship between the 
two curves since such laterals occurred with similar frequency in 
both groups of seedlings (Fig. 3). Lateral root length was similar 
for the two groups of seedlings, except for the bare regions of the 
treated roots where lateral roots were absent. The variability of 
lateral root length in the basal 4 centimeters of the treated roots 
vra.s not statistically significant when compared with the controls. 
Following the bare regions, only relatively short laterals occurred 
on the treated primaries, as indicated at centimeter 5 - 6 in Fig. 4* 
In the apical 3 centimeters, the laterals in both groups were either 
undeveloped or less than 3 mm long. Fig. 5 shows the lateral root 
number and lenrth in treated seedlinrs as they differed from the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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values for the controls taken as zero.
Anatomy of roots at end of treatment. —  The two pairs of seed­
lings chosen at random and harvested on day grew varying amounts 
during the treatment period:
length at day Uh in mm growth day 3?-4? in mm 
2 control seedlings 6l 59 11 9
2 -thymidine 62 73 12 23
treated seedlings
The anatomy of the roots as seen in longitudinal and cross section
was similar in the two pairs of roots and generally paralleled that
described by Popham (1955). As discussed in Materials and Methods,
the endodermis was difficult to identify from the inner cortex, and
in longitudinal section, a pericycle layer adjacent to the phloem 
was often lacking. No differences were noted between the two pairs 
of roots, other than differences in levels of differentiation 
associated with the variation in growth during treatment (Heimsch,
1951; Esau, 1953, p. 491).
Differentiation of lateral roots by end of treatment. —  Lateral 
roots are initiated in the pericycle in a general acropetal succession, 
in primary root tissues which have completed extension (Eames and 
MacDaniels, 1947, p. 286). The four roots harvested on day 4g grew 
varying amounts during the 24 hour treatment period: the lateral roots, 
however, were differentiated to similar levels on all the roots —  to 
45 and 47 mm from the base in the controls and to 43 and 48 ram from 
the base in the treated roots. The distance from the last primordium
to the primary root apex was from 14 to 25 mm, with a mean of l6 mm. 
Differentiation and maturation of vascular tissue are known to occur at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a greater distance from the apex in actively growing roots than in 
inactive roots (Heimsch, 1951). Thus at day 4I, it is apparent that 
the levels of lateral root differentiation were fairly constant in 
spite of the variation in growth rates of the primaries, and were not 
affected by treatment with tritiated thymidine. The lateral roots 
present were in successively less mature form from the base to the 
apex of the primary root. The laterals nearest the base were well 
developed, elongating through the cortex, and near emergence from 
the epidermis. The most distal laterals consisted only of groups 
of meristeraatic cells, with no apparent differentiation into the 
meristera characteristic of Pisum roots. It is possible that there 
were still less mature primordia present but undetected in all of 
the roots, but in a many-layered pericycle it is difficult to detect 
the first divisions indicating lateral root initiation.
The number of primordia per centimeter of primary root, shown in 
Fig. 6, was similar for the two pairs of seedlings in the first 3 
centimeters, but in centimeter 3 - 1  and 4 - 5  the number of primordia 
in the treated seedlings was less than in the controls. This pe.ttern 
in root number is repeated in the first 5 centimeters of the roots 
allowed to grow until day 16 (Fig. 2).
Incorporation of tritiated thymidine. —  Nuclear label, indicating 
incorporation of tritiated thymidine by chromosomes, was found in the 
cortical tissues throughout both of the treated roots harvested on day 
4g, except in the basal centimeter. No label occurred in any of the 
lateral root primordia, although numerous cells in all stages of 
division were present. In the cortex surrounding some of the more
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD
■DO
Q .C
g
Q .
■D
CD
C/)
C/)
8
( O '
3.
3"
CD
CD■DO
Q .Ca
o3"O
o
CD
Q .
■D
CD
C/)
C/)
H
H
ÏÔ̂ Ô̂ 23:30 50-600-10
PRIMARY ROOT LENGTH IN MM FROM BASE
60-70
rigo 0. Number of la te ra l root primordia at end of treatment.
j
I
-22-
developed and emerging primordia, in the second centimeter from the 
base of each root, there was an increased frequency of labeled cortical 
nuclei as compared to cortical tissue at the same level in which no 
primordia occurred. The incorporation of DNA may have been associated 
with the pressure exerted on the cortical cells by the elongating 
lateral root, which may stimulate cell division (Tschermak-Woess and 
Dolezal, 1953, cited by Sinnott, I960, p. 40). The relative label 
per nucleus was not constant in different tissues at the same level, 
or in the same tissue at different levels. In general, cortical nuclei 
were more heavily labeled than nuclei in the peri cycle or stele, and 
in general the degree of label increased from the base to about a 
centimeter from the apex, and then decreased. No grain counts were 
attempted since many of the cortical nuclei appeared black from 
heavy label, and because of the background on the slides. Lower 
dosages of initiated thymidine, shorter periods of treatment, or lower 
exposure periods during autoradiography would be required on thinner 
sections before representative grain counts could be made.
The percentages of nuclei with label at successive 1.1 mm levels 
is shown in Fig. 7 and Fig. 8 for the 2 roots. Label in the cortex, 
pericycle, and stele are shown separately. At approximately 1 cm 
intervals, 1 mm segments of tissue from root 1 (Fig. ?) were used for 
cross sections: broken lines are used in the graphs for these levels, 
which were not scored. The general appearance of the tŵ o graphs 
corresponds closely: in each, the lines representing the three tissues 
fluctuate from level to level, with a general increase from root base 
to apex. In both, all the tissues are roughly similar in centimeter
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0 - 1  and 1 - 2 ,  but the pericycle and stele then drop to near zero 
for several levels in centimeter 2 — 3« The pericycle and stele 
increase to a minor peak proximal to the primary root length at 
start of treatment ( point A), and again decrease, sharply. Cortex, 
pericycle, and stele reach maximum values in the distal 2 centimeters. 
The maximum for pericycle corresponds roughly to the length of the 
roots at treatment, point A, while the cortical and stelar maxima 
occur about mid-way between point A and the length at end of treat­
ment, point 3. In both roots, the cortex shows a higher label than
the pericycle, and the pericycle is higher than the stele. The
major peak in the pericycle can be correlated with the elongating 
portion of the root during treatment. The lesser peak and low 
values are also found in both pericycle curves, but have not been 
identified with any particular morphological or anatomical feature 
which might Qcplain their occurrence or significance.
A probable bare region is shovm, for reference in Fig. ? and Fig. 
8, but the exact limits shown are subject to question. In the treated 
seedlings grown until day 16, there was no correlation between '-rowth 
during treatment and the exact lengths and locations of the bare 
regions. On this basis, it can only be stated than an incipient 
bare region was present at the end of treatment -hich did not extend
to the most apical part of the root.
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DISCUSSION
The gross effect of tritiated thymidine incorporation on the 
developing root system is quite clear: there is a temporary altera­
tion of lateral root production by the treated primary root. It also 
appears that there is a very simple explanation for this result, for, 
as shown in Fig. 7 and Fig. 8, the pericycle of the treated root 
showed a high percentage of incorporation of tritiated thymidine only 
in the incipient bare region. The alteration of lateral root produc­
tion apparently occurred because of damage to the exposed pericycle 
which subsequently would have produced lateral roots. There are, how­
ever, several other questions which should be considered. The answers 
to most can only be suggested, since the vork described in this paper 
>jas of a preliminary scope.
It is unfortunate that detection of earlier stages of lateral 
root initiation has not been possible from the longitudinal sections 
prepared to determine sites of incorporation. Serial cross sections 
of similar material would probably facilitate identification of 
younger primordia. No lateral root primordia were present in the 
incipient bare region in the treated roots on day 4g> and no lateral 
primordia had been produced at this level in the controls at that time. 
Lateral roots eventually develop in this area on the controls, but, 
with the exception of a few barely visible primordia, none occur on 
the treated roots. It is possible that laterals arrested in earlier 
stages of initiation were present, but these would not have been 
detected with the methods used. Serial cross sections might be useful,
— 26—
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The degree of differentiation of lateral root primordia by the 
affected pericycle cannot therefore be described precisely, but 
certain limits are suggested by the observations. The pericycle 
cells may have undergone no divisions for differentiation of lateral 
root primordia, in which case the feŵ  examples of undeveloped lat era Is 
in the bare region must be considered as exceptions. Alternatively, 
the cells in the pericycle may have been able to divide after incor­
poration of thymidine, but may have suffered sufficient damage so that 
continued division by the initials to produce detectable primordia 
was not possible. If the pericycle was also unable to produce the 
earliest stages of lateral root initiation, then the incorporation 
of thymidine and irradiation of the host nuclei had the effect of 
totally preventing the initiation process. If the early stages of 
lateral roots were present, then production of initials is not pre­
vented, but further differentiation of the initials cannot occur.
Nuclear label was not detected in the already differentiated 
lateral root primordia, but did occur in the primary root meristems. 
The functioning of the primary me r is tern apparently continued, and was 
as effective as the meristem of control plants in producing increase 
in length of the primary root. This lack of impairment of function 
may be associated with the low level of incorporation per nucleus 
observed in the primary root meristem but could also have involved 
differential sensitivity to irradiation. The slides examined in 
this study were prepared with primaip^ interest in the more mature 
parts of the roots where the degree of incorporation per nucleus was 
greater than in the meristem, making longer exposure of the
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aut-o radio graph s not feasible. The differential incorporation of 
thymidine into root tissues other than the root tip has 
not been reported in detail in the literature, although LaCour and 
Pelc (195Ô) make reference to finding more intense autoradiographs 
over some nuclei of the elongating zone than over meristematic nuclei 
in Vicia faba. There has been more interest in incorporation in the 
root tip itself, and the procedures used have been designed to show 
results in this region, with no mention made of the more mature 
root. It is not possible, therefore, to compare results in this study 
with accounts dealing primarily with incorporation of precursors and 
DNA synthesis in the apical meristem (Clowes, 1956, 1959; Jensen et 
al., I960).
The curves showing percentage of nuclei labeled in the pericycle 
are very similar for the two roots scored from day (Pig. 7 and 
Fig. 8) . The two curves coincide very closely if the observed level 
of the youngest lateral root primordium in each is taken as a point 
of equivalence (Fig. 9). The similarity of pattern for the two roots 
suggests strongly that the general changes in the curves are not due 
to chance but to some occurrence in the root. There is also a similarity 
in the curves representing percentage of nuclei labeled in the stele 
for the two roots. They can be made to coincide roughly by again 
assuming the equivalence of the roots at the positions of the most 
distal lateral root. The variation between adjacent values shows 
no regularity and is presumably due to errors in sampling or varia­
tion in tritiated thymidine incorporation.
The high peaks in pericycle and stele occur in the part of the
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roots formed Just before and during the treatment period; these were 
the areas in which most cell elongation was occurring, and in which 
vascular tissue was being differentiated . I am unable to correlate 
the sites of the other rises in the curves with any known occurrence 
within the roots. The extent of the lesser rises in the curves is 
about the same in the two roots, although root 1 (Fig. 7) grew 
only half as much as root 2 (Fig. 8) during the treatment period.
A lack of positive correlation between primary root grot'fbh and the 
differentiation and maturation of vascular elements has been shown 
(Heimsch, 1951)* In fact it is known that in vigorously growing roots 
these processes occur farther from the apex than in slower growing 
roots (Kramer, 1949^ P* 104)* The similarity in the curves therefore 
suggests that developmental stages in the root may be involved, since 
they could occur at successive levels of the root during the treat­
ment period, independent of the varying primary root growth.
This study has shown that incorporation of tritiated thymidine 
by Pisum roots can cause differential effects on various tissues of 
the primary root. Similar results occur when Zea (Stein and Quastler, 
1961) or Cucumis are used, although there is a difference in the site 
of the bare region. The roots of Cucumis grow at a rate similar to 
those of Pisum, and the bare region overlaps the increase in length 
during treatment, as was found in Pisum. In Cucumis there is also 
an environmental alteration of lateral root production at a different 
level in both control and treated roots. In Zea roots, which show a 
greater increase in root length per day than Pisum. the bare region 
is located in root tissue which was present at the beginning of
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treatment, and unlike Pisum and Cucumis does not include portions of 
the root formed during the treatment period. This substantiates the 
view that a critical stage of differentiation in the treated primary 
root (probably in the pericycle) is involved in the alteration of 
lateral root production.
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SUMMARY
Most studies of effects of radiation on plants have involved 
a general exposure of all the cells and tissues of an organ or entire 
plant. Tritiated thymidine offers a tool for selective irradiation of 
the nucleus with little effect on the cytoplasm of a cell. Further­
more, differential incorporation due to variation in the pattern 
of DNA synthesis permits selective irradiation of cells and tissues.
In this study, developing primary roots of Pisum sativum were sub­
merged in a solution of tritiated thymidine. This resulted in an altera­
tion of lateral root pattern of seedlings grown after the end of ex­
posure. In the area corresponding to the region of elongation dur­
ing treatment subsequent lateral root development was siÿjressed.
This also correlated with the portion of the root in which there was 
incorporation of tritiated thymidine into a high percentage of peri­
cycle nuclei. The apical meristem did not appear to be affected at 
this level of exposure. Thus differential sensitivity as well as 
differential incorporation may have been involved in producing the 
temporary alteration of lateral root production.
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APPENDIX I
_^imiber of lateral roots on each centimeter of each primary root 
\day 16, at, harvest). ~Âl developed lateral roots only
B. undeveloped lateral roots included
1. water control seedlings
seedling number 
cm from base 
0-1 
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-99-10
3
A B
4
46
76
56 
2 
0 
0
5 
7
7
6 
7 
4
2
4
A B
2 
10 
12 
7 9
7
8 
5
2 3 
0 1 
0 1
5
A B
3 5
6
8
96
5 6 
5
42 4 
0
6
A B
0
46
7
7
3
4 8
5 6 
0
0
7
A B
8
4
9
7 118
4 5 
1 2 
3 4 
0 
0
mean 
A B
3.4 3.6 
5.6 5.8
8.2 8.4
7.4 8.6 
6.8 7.0 
5.0 5.6
4.2 5.4
3.2 3.6 
0.4 1.4 
0 0.2
11. tritiated thymidine treated seedlings
seedling number A
3
B A
4
B A
5
B A
6
B A
7
B
mean 
A B
cm from base
0-1 3 3 7 6 0 3.8
1-2 6 6 7 5 6 9 3 5.6 6.0
2-3 7 5 8 9 9 11 8.0 8.2
3-4 8 5 7 7 9 6 9 7 6.6 8.0
4-5 2 4 8 1 1 2 7 3.0 4.0
5—6 0 2 1 0 4 0 2 1.0 1.6
6-7 4 5 3 1 2 5 1 2 2.8 3.4
7-8 4 5 1 2 0 2 3 4 1 3 1.8 3.2
8—9 1 6 0 2 0 2 2 4 0 4 0.6 3.6
9-10 0 0 0 0 1 0 0 0.2
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APPEN D IX  I I
— ip Pmi of first 5 lateral roots on each centimeter of 
^ c h  primary root (day 16. at harvest)--------------- - -----------
I. water control seedlings
seedling number
cm from base
0-1
1-2
2-3
3-4
4-5
5-6
6-Y
7-8
8-99-10
3 4 5 6 7 mean
60.5 38.5 56.7 0 54.6 48.8
47 .5 46.2 49.4 33 .8 50.0 44.435 .0 40 .0 34.0 29.0 50.8 36.8
33.0 32.0 32.0 24.0 32.0 29.827.0 26 .0 25.0 20.0 20.0 22.34.6 27.4 16.4 13.3 12.0 13.32.4 10.4 4 .8 6,0 3 .0 4.61.0 1.5 1.5 1.3 1.7 l o i0 0 1.0 0 0 0.20 0 0 0 0 0
II tritiated thymidine treated seedlings
seedling number 
cm from base
3 4 5 6 7 mean
0-1 4 7 .7 48 .7 53.0 56,0 0 41.1
1-2 40.3 40.0 48.0 42.8 38.3 41.9
2-3 29 .4 27.6 40.0 37.4 35.0 33.9
3-4 31 .0 13.0 30 .4 39 .6 56.0 34.0
4-5 9 .0 4 .8 11.0 35.0 33.0 18.6
5—6 0 1.5 0 3 .8 0 1,1
6-7 2.1 2.0 2.0 1.9 1,0 1.6
7-8 1.8 3 .0 0 5.0 0.5 2.1
8 -9 Oo5 0 0 1.0 0 0.3
9-10 0 0 0 0 0 0
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